(19) 




Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 








(11) 



EP 0 985 693 A1 



(12) 



EUROPEAN PATENT APPLICATION 

published in accordance with Art. 158(3) EPC 



(43) Date of publication: 

1 5.03.2000 Bulletin 2000/1 1 


(51) Int. CL 7 : C08G 18/38 


(21) Application number: 99909340.4 


(86) International application number* 
PCT/JP99/01529 


(22) Date of filing: 25.03.1999 


(87) International publication number: 

WO 99/50328 (07.10.1999 Gazette 1 999/40) 


(84) Designated Contracting States: 


(72) Inventors: 


DE GB 


• OKUHIRA, Hlroyukl, 


(30) Priority: 25.03.1998 JP 7703898 

09.07.1998 JP 19438098 

17.12.1998 JP 35871298 

25.02.1999 JP 4879799 


The Yokohama Rubber Co., Ltd 
Kanagawa Prefecture 254-0047 (JP) 
• ADACHI, Naoya, 
The Yokohama Rubber Co., Ltd 
Kanagawa Prefecture 254-0047 (JP) 


(71) Applicant: 

THE YOKOHAMA RUBBER CO., LTD. 
Tokyo, 1 05-0004 (JP) 


(74) Representative: 

VOSSIUS & PARTNER 
Siebertstrasse 4 
81675 Munchen (DE) 



(54) ONE-PACK TYPE MOISTURE-CURABLE COMPOSITION 

(57) An isocyanate-based one-part moisture cura- 
ble composition is provided. This composition has 
excellent storage stability and high curing rate, and use 
of this composition enables production of a cured prod- 
uct of high flexibility without using any plasticizer. 

The one-part moisture curable composition of the 
present invention comprises (A) an isocyanate com- 
pound having a structure wherein all of the isocyanate 
(NCO) groups in the molecule have secondary or terti- 
ary carbon bonded thereto, and (B) a ketimine having 
ketimine (C=N) bond derived from a ketone or an alde- 
hyde and an amine having a structure wherein a-posi- 
tion of at least one of the carbon or the nitrogen of the 
ketimine bond has a branched carbon atom or a ring 
member carbon atom bonded thereto. 

A urethane prepolymer having such structure is 
also preferable for use as an isocyanate compound (A). 
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Description 
TECHNICAL FIELD 



[0001 ] Ttiis invention relates to a one-part moisture curable composition which has excellent storage stability and high 
curing rate once taken out of the container, and use of this composition enables production of a cured product of high 
flexibility without using any plasticizer. The one-part moisture curable composition of the present invention is useful as 
an adhesive or a sealant in the fields of coating, civil engineering and architecture. 

BACKGROUND ART 

[0002] An isocyanate compound is known to react with a curing agent such as an amine to form urethane bond, and 
a cured compound is readily formed by such reaction. 

[0003] When such isocyanate compound is stored with an amine as a mixture, the mixture undergoes gelation, curing, 
and the like during the storage and the mixture was not at all storage stable. Therefore, the isocyanate compound has 
been generally used as a two-part composition, and the isocyanate compound and the curing agent were mixed in time 

of its use. . , 

[0004] A curable composition in the form of a one-part curable composition has been awaited. The one-part curawe 
compositions that are currently in use require use of a plasticizing agent such as dioctyl phthalate (DOP). The plasticiz- 
ing agent however, Weeds out after curing, and has raised a problem as environmental hormones. Of the room tem- 
perature-curable compositions, development of an isocyanate-based one-part curable composition is highly demanded 
since the flexibility of such composition is superior to that of the composition containing an epoxy compound as its main 

component. . 
[0005] Use of a blocked (capped) amine as a latent curing agent has been investigated for the purpose of solving the 
problems of odor and toxicity of the amine curing agents and improving the handling convenience. One technique 
known for such amine blocking is use of a ketimine which is an amine blocked with a ketone, and known ketimines 
include those synthesized from an alkylenediamine and a ketone such as methyl isobutyl ketone or methyl ethyl ketone. 
Ketimine is a compound stable in the absence of water. Ketimine. however, easily undergoes hydrolysis in the presence 
of water to become an active amine, and therefore, ketimine acts as a curing agent in the presence of moisture in the 

air. . 
[0006] However, use of such known universal ketimine for the latent curing agent of an isocyanate compound was 
associated with the problem of insuff icient storage stability such as gelation during the storage of the mixture. 
[0007] In addition, isocyanate compounds had insufficient adhesion to mortar and the like, and a tackif ter such as an 
epoxy resin was often added to the isocyanate compound at the sacrifice of the flexibility. 

[0008] In view of the situation as described above, there is a strong demand for a one-part, room temperature, mois- 
ture-curable composition which cures at an accelerated speed at room temperature by the moisture in the air, which 
exhibits improved adhesion to mortar and the like, and which cures into a flexible product even without using any plas- 
ticizer. 

DISCLOSURE OF THE INVENTION 

[0009] An object of the present invention is to provide an isocyanate-based one-part moisture curable composition 
which has excellent storage stability, which cures at a high rate once taken out of the container, and which cures into a 
highly flexible product without using any plasticizer. 

[0010] Through investigation of the production of one-part moisture curable compositions containing an isocyanate 
compound the inventors of the present invention found that a one-part isocyanate-based moisture curable composition 
having a high storage stability can be produced by using an isocyanate compound having a bulky group at a position of 
the isocyanate group and a ketimine having a bulky group at a position of the ketimine bond (C=N) for the latent curing 
agent; and that the thus produced composition also cures at a high speed to form a cured product having a high flexi- 
bility without using any plasticizer. The present invention has been completed on such findings. 
[001 1 ] In view of the situation as described above, the one-part moisture curable composition of the present invention 

comprises 

(A) an isocyanate compound having a structure wherein all of the isocyanate (NCO) groups in the molecule have 
secondary or tertiary carbon bonded thereto, and 

(B) a ketimine having ketimine (C=N) bond derived from a ketone or an aldehyde and an amine having a structure 
wherein a-position of at least one of the carbon or the nitrogen of the ketimine bond has a branched carbon atom 
or a ring member carbon atom bonded thereto. 



EP 0 985 693 A1 

[001 2] The isocyanate compound (A) is represented, for example, by formula (1 ): 



R c -(- 




(1) 



wherein R c and R a are independently an organic group which may contain O, S, or N; R b is hydrogen atom or said 
organic group; and p is an integer of at least 1 . 

[001 3] The isocyanate compound (A) is preferably a polyisocyanate having two or more said isocyanate groups in the 
molecule. 

[0014] Alternatively, the isocyanate compound (A) may be a urethane prepolymer derived from a polyisocyanate and 
a polyol. 

[001 5] The urethane prepolymer may be an adduct of said polyisocyanate and trimethylol propane. 
[0016] Also, the urethane prepolymer may be a urethane prepolymer derived from said polyisocyanate and polypro- 
pylene glycol. 

[0017] Also, the urethane prepolymer may be a urethane prepolymer derived from said polyisocyanate and a polyol 
having a bisphenol skeleton. 

[0018] The ketimine (B) is preferably a ketimine wherein a-position of the ketimine carbon has a branched carbon 
atom or a ring member carbon atom bonded to. The branched carbon atom of the ketimine may be introduced from a 
ketone or an aldimine represented by formula (2): 



R is a C^g alkyl group; 

R 2 is methyl group or ethyl group; 

R 3 is hydrogen atom, methyl group, or ethyl group; and 

R 4 is hydrogen atom or methyl group. 

[001 9] In the ketimine wherein a branched carbon atom or a ring member carbon atom is bonded to the ketimine car- 
bon, the ketimine nitrogen preferably has methylene group bonded thereto. 

[0020] The ketimine (B) of such structure usually has two or more ketimine bonds in one molecule. 
[0021] It is also preferable that the ketimine (B) is a silicon-containing ketimine or a polycondensate thereof wherein 
the ketimine carbon has a branched carbon atom or a ring member carbon atom bonded thereto, and wherein the 
ketimine contains an amine component derived from an aminoalkoxysilane represented by formula (4): 




(2) 



wherein 



H 2 N— R 7 -Si(R 6 )3. m 




(4) 



wherein 

R 6 is a C t . 6 alkyl group, a C^e alkoxy group, or a monovalent siloxane derivative; 
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R 7 is a divalent hydrocarbon group which may contain nitrogen; 

R 8 is an alkoxy group; and 
m is 1, 2 or 3. 

[0022] Such ketimine (B) may further contains a group derived from an epoxy group-containing alkoxysiiane. and have 
epoxy group and an alkoxysilyl group in one molecule. 

[0023] The one-part moisture curable composition according to the present invention may further contain an epoxy 
resin. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0024] The present invention is hereinafter described in further detail. 

[0025] The one-part moisture curable composition of the present invention comprises an isocyanate compound (A) 
of particular structure and a ketimine (B) of particular structure as described below. 

[0026] First, such components contained in the moisture curable composition of the present invention are described. 
(A) Isocyanate compound. 

[0027] The isocyanate compound used in the present invention has a structure wherein all of the isocyanate (NCO) 
groups in the molecule have secondary or tertiary carbon bonded thereto. The groups other than the NCO group bond- 
ing to the secondary or the tertiary carbon are not limited, for example, in terms of the number of carbon atoms, bulki- 
ness. inclusion of hetero atoms such as O, S and N, and the like. The two groups bonding to the tertiary carbon may be 
either the same or different from each other. 

[0028] Such isocyanate compounds is typically represented by formula (1): 



<4- 



R' 

C— NCO) (1) 

lb P 
R b 



[0029] In the formula, R c and R a are independently an organic group which may contain O. S, or N; R b is hydrogen 
atom or said organic group; and p is an integer of at least 1 . 

[0030] Exemplary such organic groups include hydrocarbon groups such as an alkyl group, an alicyclic group, an aro- 
matic group, an aralkyl group, and an alkylaryl group; and groups containing a hetero atom selected from O, S and N 
such as an organic group containing ether, carbonyl, amide, urea group (carbamide group), or urethane group. 
[0031] Among such groups, the organic groups represented by R a and R* are preferably methyl. 
[0032] P is preferably an integer of 2 to more. In other words, the isocyanate compound is preferably a polyfunction^ 
isocyanate compound having two or more NCO groups having the branched carbon atom bonded thereto in one mole- 
cule. The monoisocyanate compound wherein p = 1 is generally used as a mixture with the poiyisocyanate wherein p 
is 2 to more. The poiyisocyanate may be used either alone or in combination of two or more such compounds. Use of 
a diisocyanate (p = 2) as a mixture with a triisocyanate (p = 3) is a preferable embodiment. 

[0033] The isocyanate compound used in the present invention may be any isocyanate compound as long as the iso- 
cyanate group has the structure as defined above, and may be an isocyanate monomer or a urethane prepolymer 
derived from a poiyisocyanate monomer and a polyol. 

[0034] Exemplary isocyanate monomers include a monoisocyanate compound (p = 1) such as m- or p-isopropenyl- 
a, adimethylbenzoyl isocyanate (TMI manufactured by Mitsui Sci-Tech); and a diisocyanate compound (p = 2) such as 
m- or p-tetramethylxylilene diisocyanate (TMXDI) as shown by the formula: 
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NCO 
H 3 C-C— CH 3 




or 



P— ) 



and isophorone diisocyanate. 

[0035] Of the polyisocyanate monomers as described above, a diisocyanate is generally used for synthesizing the 
urethane prepolymer. 

[0036] The polyol used for synthesizing the urethane prepolymer is not limited for its molecular weight or the type of 
the skeleton as long as it has two or more hydroxyl groups. Exemplary polyols which may be used in the present inven- 
tion include low molecular weight polyhydric alcohols, polyether polyols, polyester polyols, polymeric polyols having a 
backbone comprising carbon-carbon bond, and the like which are commonly used as a polyol. 
[0037] Exemplary urethane prepolymers include adducts of a diisocyanate and a low molecular weight polyhydric 
alcohol; and urethane prepolymers derived from a diisocyanate and a polyol such as a polyether polyol or a polyester 
polyol. 

[0038] Exemplary such low molecular weight polyhydric alcohols include polyhydric alcohols such as ethylene glycol 
(EG), Methylene glycol, propylene glycol (PG), dipropylene glycol, (1.3- or 1,4-)butanediol, pentanediol, neopentylgly- 
col, hexanediol, cyclohexanedimethanol, glycerine, 1.1,1-trimethylolpropane (TMP), 1 ,2,5-hexanetriol, and pentaeryth- 
ritol; and sugars such as sorbitol. 

[0039] Among the adducts of such polyhydric alcohol and a diisocyanate, the preferred is an adduct wherein trimeth- 
ylolpropane (TMP) is used for the polyhydric alcohol (polyol) (the one wherein p = 3 in the above formula) Exemplary 
preferable adduct is TMXDI • TMP adduct derived from 1 , 1 , 1 -trimethylol propane (TMP) and tetramethylxylenediisocy- 
anate (TMXD I) as shown below. 




[0040] Such adduct is commercially available, for example, under the trade name of Scisen 3160 (Mitsui Sci-Tech). 
[0041] Such adduct is not necessary a perfect OH:NCO adduct and may contain unreacted starting material. 
[0042] The polyether polyol and the polyester polyol which are used as a polyol in the synthesis of the urethane pre- 
polymer is generally derived from a low molecular weight polyhydric alcohol as described above. In the present inven- 
tion, use of those derived from an aromatic diol is also preferable. Exemplary aromatic diols include dihydroxystyrene 
and those having a bisphenol skeleton such as bisphenol A structure (4,4'^ihydroxyphenylpropane), bisphenol F struc- 
ture (4,4'-dihydroxyphenylmethane), brominated bisphenol A structure, hydrogenated bisphenol A structure bisphenol 
S structure, or bisphenol AF structure. 
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Bisphenol A structure 



Hydrogenated bisphenol A structure 
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Bisphenol F structure 



Bisphenol S structure 
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Brominated bisphenol A structure 



Bisphenol AF structure 



35 



40 



45 



50 



55 



[00431 The polyether polyol used may be the one having one or more unit selected from units derived from an alkylene 
oxide such as ethylene oxide, propylene oxide, butylene oxide, tetramethylene oxide, and styrene oxide, and bisphenol 
skeletons. Such polyether polyol may be produced by ring-opening polymerization of a common alkylene oxide, and for 
example, by adding one or more alkylene oxides to one or more polyhydric alcohol and/or aromatic did as described 
above 

[0044j Exemplary polyether polyols include polyethylene glycol, polypropylene glycol (PPG), ethylene oxide-propyl- 
ene oxide copolymer, polytetramethylene ether glycol (PTMEG), sorbitol-based polyol. and the like. 
[00451 Exemplary polyether polyols having a bisphenol skeleton include a polyether polyol produced from a diol hav- 
ing a bisphenol skeleton and an alkylene oxide such as the polyether polyol containing bisphenol A structure as men- 
tioned above and a unit such as ethylene oxide or propylene oxide. ^. , . , 
[00461 The polyester polyol may be a condensate (condensed polyester polyol) of one or more of polyhydnc alcohols 
and/or aromatic diols as described above and one or more of polybasic carboxylic acid, lactone polyol polycarbonate 
diol and the like. The polybasic carboxylic acid used for forming the condensed polyester polyol include glutane acid 
adipic acid azelaic acid, pimelic acid, suberic acid, sebasic acid, terephthalic acid, isophthalic acid, dimenc aadjind 
other low molecular weight carboxylic acid; oligomeric acid; castor oil; hydroxycarboxylic acid such as reaction product 
of castor oil with ethylene glycol, and the like. Exemplary lactone polyols include those prepared by ring-opening polym- 
erization of propionlactone. valerolactone. and the like. 

[00471 Exemplary polyester polyols having a bisphenol skeleton include condensed polyester polyols produced by 
totally or partly replacing the polyhydric alcohol with a diol having a bisphenol skeleton in the procedure as described 
above, for example, a polyester polyol produced from bisphenol A and castor oil, and a polyester polyol produced from 
bisphenol A, castor oil, ethylene glycol, and propylene glycol. 

[0048] Polymer polyols having carbon-carbon bond in their backbone such as acryl polyol. polybutadiene polyol. 
hydrogenated polybutadiene polyol. and the like are also useful in the synthesis of the urethane prepolymer. 
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[0049] The polyols as described above may be used in combination of two or more. 

[0050] Typical preferable urethane prepolymers are polyfunctional urehtane prepolymers produced by using, for 
example, a bifunctional or trrfunctional polyol or a mixture thereof with a polyfunctional (OH) polypropylene glycol as a 
polyol. 

[0051] Use of a urethane prepolymer having a bisphenol skeleton, and in particular, use of a urethane prepolymer 
having bisphenol A skeleton is also preferable. Exemplary such urethane prepolymers are those produced by using a 
polyester polyol synthesized from bisphenol A and castor oil. a polyether polyol synthesized from bisphenol A. ethylene 
oxide and propylene oxide for the polyol. 

[0052] In the present invention, when a urethane prepolymer having a bisphenol skeleton as described above is used 
for the isocyanate compound (A), the resulting composition will exhibit improved adhesion to mortar and the like without 
adding any tackifier such as epoxy resin. As a consequence, the composition after curing will retain excellent flexibility 
inherent to the urethane-based resin compositions. 

[0053] The urethane prepolymer may contain two or more polyol components. For example, urethane prepolymer may 
contain two or more polyol components each having different bisphenol skeletons, or a polyol component having a 
bisphenol skeleton together with another polyol component having a different structure. 

[0054] Proportion in the urethane prepolymer of the part having the bisphenol skeleton is not particularly limited. The 
benefit as described above, however, can be realized when the urethane prepolymer contains 1 to 50% by mole of the 
part having the bisphenol skeleton. 

[0055] The urethane prepolymer (B) as described above used in the present invention has weak intermolecular hydro- 
gen bond due to the steric hindrance by the secondary or tertiary carbon bonding to the isocyanate (NCO) group, and 
therefore, appropriate viscosity and modulus are realized without using any plasticizer. The composition, of course, may 
include a plasticizer as desired. 

[0056] In the present invention, the isocyanate compound (A) having the particular structure as described above may 
be used in combination of two or more. Furthermore, the isocyanate compound (A) of the present invention may be 
used with a small amount of other isocyanate compounds commonly used in the art as long as the benefits of the 
present invention are not impaired. For example, an isocyanate compound of the type used as the main component of 
the two-part curable composition which has a group that does not sterically hinder the isocyanate group may be 
employed in the present invention. Use of such isocyanate compound, however, should be limited to an amount of less 
than 10% by mole of the isocyanate compound (A) since such isocyanate compound adversely affects the storage sta- 
bility of the composition. 

(B) Ketimine 

* [0057] In the present invention, a compound having a C=N bond derived from a ketone or an aldehyde and an amine 
is referred to as a ketimine. Therefore, the term ketimine used herein includes an aldimine having -HC=N bond within 
its definition. 

[0058] The ketimine used in the present invention has ketimine (C=N) bond derived from a ketone or an aldehyde and 
an amine, and has a structure wherein a-position of at least one of the carbon or the nitrogen of the ketimine bond has 
a branched carbon or a ring member carbon bonded thereto. In other words, the ketimine used in the present invention 
has a bulky group at the a-position of the ketimine (C=N) bond. The ring member carbon may be either the carbon atom 
constituting an aromatic ring or an alicyclic ring. 

[0059] In the present invention, typical ketimines having such bulky group include: 

(i) a ketimine having two or more ketimine (C=N) bonds each having the bulky group bonded thereto in one mole- 
cule; and 

(ii) a silicon-containing ketimine having a bulky group derived from a ketone or an aldehyde at the a-position of the 
ketimine carbon, and containing an amine component derived from an aminoalkylalkoxysilane, or its polyconden- 
sate. 

[0060] For introducing the branched carbon or the ring member carbon in the a-position of the ketimine carbon in the 
above (i) and (ii). a ketone or an aldehyde which has a branched hydrocarbon group or a cyclic hydrocarbon group at 
the a-position of the carbonyl group is utilized. Examples of such ketones and aldehydes include diisopropyl ketone, a 
ketone or an aldehyde having the branched hydrocarbon group represented by the formula (2), below, a ketone and an 
aldehyde having a cyclic hydrocarbon group such as propiophenone, benzophenone, benzaldehyde, and cyclohexane- 
carboxyaldehyde. These may be used in combination. 
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O 
\\ 

y \ (2) 

n c 

R 3 R 

(wherein 

R 1 is a C n _6 alky! group; 

R 2 is methyl group or ethyl group; 

R 3 is hydrogen atom, methyl group, or ethyl group; and 

R 4 is hydrogen atom or methyl group.) 

[0061J Exemplary ketones and aldehydes represented by formula (2), above include methyl t-butyl ketone (MTBK), 
methyl isopropyl ketone (MIBK), pivalic aldehyde (trimethylacetoaldehyde). isobutylaldehyde wherein the carbonyl 
group has branched carbon bonded thereto ((CH 3 ) 2 CHCHO). 
[0062] Among these, the preferred is the compound represented by formula (2). 

[0063] The ketimine (i) has two or more C=N bond in one molecule. Such ketimine is generally produced by using a 
polyamine having two or more amino groups in one molecule. In the case of the ketimine wherein a bulky group is intro- 
duced at a position of the ketimine nitrogen as described above, the ketimine may be produced by using a polyamine 
such as 2 5-dimethyl-2.5-hexamethylenediamine. menthene diamine. l,4-bis(2-amino-2-methylpropyl)piperadine. poly- 
propylene glycol (PPG) wherein propylene branched carbons at opposite ends of the molecule has amino group 
bonded thereto (Jeffamine D230 and Jeffamine D400 manufactured by Sun Technochemical). Of the ketimines (i). use 
of a ketimine wherein the ketimine carbon has a bulky group bonded thereto and the ketimine nitrogen has methylene 
bonded thereto is preferable since the resulting one-part curable composition will exhibit both good storage stability and 
improved curabilty (curing rate) when used with the isocyanate compound (A) of the particular structure as described 
above. 

[0064] Methylene group may be introduced in the ketimine nitrogen by using the polyamine represented by the for- 
mula (3): 

R 5 -{- CHs - NH2) n < 3 > 

[0065] Exemplary polyamines represented by the formula (3) include ethylenediamine. propylenediamine, butylene- 
diamine. diethylenetriamine. triethylenetetramine. tetraethylenepentamine, pentaethylenehexamine, hexamethylenedi- 
amine. trimethylhexamethylenediamine. N-aminoethylpiperadine, 1 ,2-diaminopropane, iminobispropylamine, 
methyliminobispropylamine. diamine having polyether skeleton wherein amine nitrogen has methylene group bonded 
thereto, for example. H 2 N(CH 2 CH 2 0) 2 (CH2) 2 NH 2 (trade name. Jeffamine EDR184. manufactured by Sun Techno- 
chemical), 1.5-diamino-2-methylpentane (trade name. MPMD, manufactured by DuPont Japan), metaxylenediamine 
(MXDA), polyamideamine (X2000, manufactured by Sanwa Chemical), isophoronediamine. 1 ,3-bisammomethylcy- 
clohexane (1.3BAC, manufactured by Mitsubishi Gas Chemical). 1-cyclohexylamino-3-aminopropane, 3-aminomethyl- 
3.3.5-trimethyl-cyclohexylamine, a diamine having norbornane skeleton (NBDA, manufactured by Mitsui Chemicals. 
Inc ) 

[0066] Among these, the preferred are 1,3-bisaminomethylcyclohexane (1.3BAC). norbornane diamine (NBDA), 
metaxylylenediamine (MXDA). Jeffamine EDR184 (trade name), and polyamideamine. 
[0067] Preferable examples of the ketimine (i) are: 

ketimines produced from methyl isopropyl ketone (MIPK) or methyl t-butyl ketone (MTBK) and Jeffamine EDR148 
(trade name, a dimethyleneamine having polyether skeleton); 

ketimines produced from methyl isopropyl ketone (MIPK) or methyl t-butyl ketone (MTBK) and 1,3-bisaminometh- 
ylcyclohexane (1.3BAC); . . 
ketimines produced from methyl isopropyl ketone (MIPK) or methyl t-butyl ketone (MTBK) and a diamine having 

norbornane skeleton (trade name, NBDA); 

ketimines produced from methyl isopropyl ketone (MIPK) or methyl t-butyl ketone (MTBK) and metaxylylenedi- 
amine (MXDA); and 
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ketimines produced from methyl isopropyl ketone (MIPK) or methyl t-butyl ketone (MTBK) and polyamideamine 
(trade name, X2000). 

10068] Among these, use of the ketimine produced from MIPK or MTBK and NBDA, and the ketimine produced from 
MIPK and 1.3BAC results in the improved curability of the resulting composition. 

[0069] Use of the ketimine produced from MIPK or MTBK and X2000 results in the improved adhesion to wet surface 
of the resulting composition. 

[0070] Preferable aldimines are those produced from the combination of pivalic aldehyde and norbornane diamine 
(NBDA), 1,3-bisaminomethylcyclohexane (1.3BAC). Jeffamine EDR148 or metaxylylene diamine (MXDA); the combi- 
nation of isobutyl aldehyde and norbornane diamine (NBDA), 1,3-bisaminomethylcyclohexane (1.3BAC), Jeffamine 
EDR148 or metaxylylene diamine (MXDA); and the combination of cyclohexane carboxy aldehyde and norbornane 
diamine (NBDA), 1 ,3-bisaminomethylcyclohexane (1 .3BAC), Jeffamine EDR148 or metaxylylene diamine (MXDA). The 
ketimine (i) as described above may be produced by reacting the ketone or the aldehyde and the polyamine through 
heating under reflux in the absence of the solvent or in the presence of benzene, toluene, xylene or other solvent, and 
azeotropically removing the separated water. 

[0071] Ketimine (ii) is a silicon-containing ketimine derived from the aminoalkoxysilane represented by formula (4), 
below. This ketimine. has a bulky group derived from the ketone or the aldehyde at the a position of the ketimine carbon, 
and the situation of this part is similar to the case of the ketimine (i). 

H 2 N-R 7 -Si(R 6 )3. m (4) 



[0072] In formula (4). R 6 is C^. 6 alkyl group, alkoxy group, or a monovalent siioxane derivative. Exemplary C v6 
alkyl groups include methyl group, ethyl group, propyl group, etc.; exemplary C-,_ 6 alkoxy groups include methoxy group, 
ethoxy group, propoxy group, etc.; and exemplary monovalent siioxane derivatives include silyloxy group. Among these, 
the preferred are methoxy and ethoxy groups. 

[0073] R 7 is a divalent hydrocarbon group which may contain nitrogen, and R 7 preferably contains 1 to 6 carbon 
atoms. Exemplary divalent nitrogen-free hydrocarbon groups include methylene group, ethylene group, propylene 
group, etc.; and exemplary nitrogen-containing divalent hydrocarbon groups include those mentioned for the nitrogen- 
free hydrocarbon groups having a secondary amino group in their hydrocarbon group. Among these, it is preferred that 
the amino group in formula (4) has methylene group bonded thereto, and propylene group, and -C 2 H 4 NHC 3 H 6 - group 
are also preferred. 

[0074] R 8 is an alkoxy preferably containing 1 to 6 carbon atoms, and more preferably, methoxy group or ethoxy qrouD 
[0075] mis 1.2 or 3. 

[0076] Typical aminoalkoxysilanes represented by the formula (4) are the compounds of formulae (5) to (1 2), below. 
Among these, the preferred are the compounds of formulae (5) to (8). The compounds of formulae (5) to (8) are the 
compounds known as universal silane coupling agents. 
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[0077] The aminoalkoxysilanes as described above is capable of readily forming the ketjmine bond with the ketone or 
the aldehyde having a bulky group at the a-position of the carbonyl group, and the silicon-containing ketimine produced 
by using such aminoalkoxysilane is particularly preferable since such silicon-containing ketimine has high hydrolabil- 
ity and curability as well as sufficient storage stability. 

[0078] The ketimine (ii) is produced from the aminoalkoxysilane and the ketone or the aldehyde having a bulky group 
as described above through dehydration. More illustratively, ketimine (ii) is produced by mixing the aminoalkoxysilane 
with an equal molar amount of the ketone or the aldehyde, or with an excessive amount of the ketone or the aldehyde 
(generally more than 1.2 equivalents of the ketone or the aldehyde in relation to the amino group), and stirring the mix- 
ture at a high temperature. The reaction temperature is 50 to 150'C, and preferably 70 to 1 10°C. The reaction period I is 
2 to 24 hours and preferably 2 to 5 hours. The thus produced silicon-containing ketimine is represented by formula (13) 
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[0079] In formula (13), R 1 to R 4 are as defined above for R 1 to R 4 of the formula (2); and R 6 . R 7 , R . and m are as 
defined above tor R 6 , R 7 , R 8 , and m of the formula (4). 

[0080] Alternatively, the ketimine (ii) may be a polycondensate of the silicon-containing ketimine as described above. 
Such polycondensate is formed by polymerization the alkoxysilyl group formed by hydrolysis of the silicon-containing 
ketimine of formula (13) by the water separated in the dehydration reaction between the aminoalkoxysilane and the 
ketone or the aldehyde. The polycondensate of the silicon-containing ketimine has a backbone of the structure as rep- 
resented by formula (14): 
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[0081] In the formula. R 1 to R 4 , R 6 and R 7 are as defined above for R 1 to R 4 , R 6 and R 7 of the formula (13); and n is 
an integer of at least 1, and preferably an integer of 1 to 50. 

[0082] The backbone of the thus produced silicon-containing polymer may have at its terminals hydrogen atom- a C 1 
20 6 alkyl group such as methyl group, ethyl group, or propyl group; a alkoxy group such as methoxy group, ethoxy 
group, or propoxy group; or a monovalent siloxane derivative such as silyloxy group. 

[0083] The production of the silicon-containing ketimine (ii) by the reaction of the aminoalkoxysilane and the ketone 
or the aldehyde may be conducted in the co-presence of ah alkoxysilane having no amino group. (The amino group- 
free alkoxysilane is hereinafter referred to as a silane coupling agent for the convenience of the description). 
25 [0084] The silane coupling agent used may be any of the silane coupling agents known in the art. and typical silane 
coupling agents are epoxy-containing alkoxy silanes. 

[0085] The epoxy-containing alkoxy silane may be a compound which has epoxy group and a hydrolyzable alkoxysilyl 
group on opposite terminals of the molecule. The backbone of the epoxy-containing alkoxysilane is an organic group 
which is mainly constituted from a hydrocarbon group such as methylene, ethylene, or the like and which also contains 
30 a group including O, S. or N. 

[0086] The hydrolyzable alkoxysilyl group is a reactive silicon-based group wherein an alkoxy group such as methoxy 
group or ethoxy group is bonded to the silicon atom. The hydrolyzable alkoxysilyl group may also contain hydrogen 
atom or an alkyl group such as methyl group, ethyl group, or the like bonded to the silicon atom. Use of methoxy group 
for the alkoxy group is preferable in view of mild hydrolability and favorable handling convenience. 
35 [0087] Among such epoxy-containing alkoxy silanes, the preferred is r (or 3-) glycidoxypropyltrimethoxysilane as 
shown below: 



OMe 
MeO— Si'^/^o 
OMe 




[0088] Also, the silane coupling agent may be the one containing no epoxy group. Exemplary such silane coupling 
agents include chloropropyltrimethoxysilane, vinyltrichlorosilane, trimethoxyvinylsilane, vinyltriethoxysiiane, vinyltris(2- 
methoxyethoxy)silane, and ymethacryloxypropyltrimethoxysilane. Among these, use of trimethoxyvinylsilane is ore- 
so ferred. 

[0089] Use of such silane coupling agent is favorable in view of their excellent ability in improving the adhesion to wet 
surface and their general versatility. 

[0090] It should be noted that, in the present invention, such silane coupling agent may be added in the synthesis of 
the ketimine (ii), or to the isocyanate (A) and the ketimine (B) in the after-mentioned production of the one-part curable 
55 composition. In either case, the amount of the silane coupling agent added is not particularly limited. The amount of the 
silane coupling agent, however, is preferably up to 5 molar amount, and preferably, up to 2 molar amount of the ami- 
noalkoxysilane in view of the physical properties of the cured product. 

[0091 ] The reaction conditions employed in the synthesis of the ketimine in the presence of the silane coupling agent 
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as described above are the same as those employed in the absence of the silane coupling agent. After completion of 
the reaction, excess ketone or aldehyde and the alcohol generated are removed under reduced pressure to leave the 
desired product. 

[0092] It is estimated that, in the reaction in the presence of the coupling agent the silicon-containing ketimine is first 
aenerated through dehydration in the reaction between the aminoalkoxysilane and the ketone or the aldehyde, and 
then the alkoxysilyl group in the silicon-containing ketimine and the alkoxysilyl group in the silane coupling agent react 
with each other after their hydrolysis by the separated water. Therefore, when an epoxy group-conte.n.ng alkox^ilane 
is used for the silane coupling agent, the epoxy group remains unreacted in the reaction product together with tte 
ketimine bond and the resulting ketimine will contain epoxy group and alkoxysilyl group in the molecule as well as the 



[0093] These groups can coexist during the storage, and in the use. the presence of the epoxy group and the alkox- 
vsilyl group in addition to the ketimine bond enables curing at a higher rate. 

[0094] One of Typical ketimines (ii) produced by using such silicone coupling agent (epoxy group-containing altoxys.- 
lane) is represented by formula (1 5): 




(15) 



wherein R 4 is hydrogen or methyl group. 

TO0951 As described for the ketimines (i) and (ii). the ketimine used in the present invention has a structure wherein a 
bulky group is present at the a position of the ketimine bond, and the nitrogen is sterically hindered by such bulky group 
[00961 In the case of the conventional known ketimines produced from methyl isobutyl ketone (MIBK) or methyl ethyl 
ketone (MEK) and an amine having methylene group bonded to the amino group, the ketimine exhibited strong basicrty 
since Ketimine nitrogen is exposed. Therefore, the one-part composition produced by blending such ketimine with the 
isocyanate compound suffered from insufficient storage stability and such composition often gelated during the storage. 
[0097] In contrast the ketimine used in the present invention has a bulky group near the ketimine nitrogen or a bulky 
group directly bonding to the ketimine nitrogen, and the ketimine nitrogen is protected by the substituerrt As a conse- 
auence the basicity of the ketimine is significantly weakened by the steric hindrance, and excellent stability is thereby 
realized. In addition, the ketimine nitrogen of the ketimine used in the present invention easily turns into active amine 
upon contact with the moisture in air in the use of the curable composition, and the composition exhibits excellent cur- 

[0098] Even when the ketimine as described above is used for the latent curing agent, the resulting composition does 
not exhibit suff icient storage stability despite the high curing rate when the isocyanate compound used is an isocyanate 
group such as TDI (tolylene diisocyanate). XDI (xylene diisocyanate). or the like free from the bulky group near the iso- 
cyanate group. Accordingly, production of a one-part moisture curable composition with practical utility was difficult. 
[0099] In contrast the present invention has for the first time realized the one-part moisture curable composition by 
combining the ketimine of particular structure as described above with an isocyanate compound wherein the isocyanate 
group has a bulky group bonded thereto. 

[01 00] In the case of the isocyanate compound wherein the isocyanate group has a bulky group bonded thereto as 
used in the present invention, the isocyanate group is sterically hindered to a substantial degree, and when the bulky 
group is an electron donor such as an alkyl group, the isocyanate group exhibits low reactivity. 
[01 01 ] The blend (composition) comprising such isocyanate compound of particular structure and the ketimine of par- 
ticular structure as described above remains stable during storage in a container. 

[0102] On the other hand, when such composition is brought in contact with air, the ketimine nitrogen ts easily 
attacked by the small-sized water molecule of the moisture since such small-sized molecule is not sterically hindered 
by the substituent. The attacked ketimine nitrogen rapidly undergoes hydrolysis, and therefore, the one-part moisture 
curable composition of the present invention cures in a quite short period. 

[0103] In the production of the one-part moisture curable composition from the isocyanate compound (A) and the 
ketimine (B). the components are preferably used in amounts such that equivalent ratio of the functional groups in these 
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components (isocyanate group in the isocyanate compound (A) / ketimine bond C=N in the ketimine (B)) is in the range 
of 0.1 to 2.0, and the equivalent ratio is more preferably in the range of 0.5 to 1.5. When the components are used at 
such ratio, the resulting composition exhibits both sufficient storage stability and excellent curability. 
[01 04] The one-part moisture curable composition of the present invention may contain optional components in addi- 
tion to the component (A) and (B), if necessary. An exemplary such optional component is the silane coupling agent as 
described above. 

[0105] Inclusion in the one-part moisture curable composition of a silane coupling agent will improve the adhesion to 

wet surface of the composition as well as the storage stability and the curing rate of the composition. 

[01 06] Among such silane coupling agents, the preferred are trimethoxyvinylsilane and Y-g'ycidoxypropyrtrimethoxysi- 

lane in view of their excellent ability of improving the wet surface adhesion and their general versatility. 

[01 07] The silane coupling agent may be used in the synthesis of the ketimine (ii) as described above. However, when 

the silane coupling agent is used in the blending of the component (A) and (B), the silane coupling agent is preferably 

used in an amount of 0.1 to 20 parts by weight, and more preferably in an amount of 0.5 to 10 parts by weight per 100 

parts by weight of the isocyanate compound (A). Use of the silane coupling agent in such amount will result in an 

improved adhesion to wet surface of the composition, and more illustratively, the composition after curing will exhibit 

high shear stress at break as well as percentage of matrix failure (adherend failure) of almost 100%. 

[0108] The one-part moisture curable composition of the present invention may contain further optional components, 

if necessary, as long as such inclusion does not adversely affect the benefits of the present invention. For example, the 

composition may include a silyl ester group-containing compound as represented by formula (16): 

I 

— Si — O— C — R (16) 

i ii 

O 



[0109] In the formula, R is hydrogen atom or a C^o hydrocarbon group. Exemplary hydrocarbon groups include 
straight chain hydrocarbon groups such as methyl group, ethyl group, vinyl group, propyl group, octyl group, lauryl 
group, palmityl group, stearyl group, allyl group, eicosyl group, etc.; branched hydrocarbon groups such as isopropyf, 
isobutyl, etc.; alicyclic hydrocarbon groups such as hexamethyl; and aromatic groups such as phenyl, benzyl, etc. 
[0110] R is preferably a C^ 7 hydrocarbon group in view of the ability to improve the storage stability and promote the 
curing reaction. When R is hydrogen atom, storage stability is not sufficiently improved, and hydrocarbon groups con- 
taining 18 or more carbon atoms are insufficient in promoting the curing reaction. 

[0111] The silyl ester group-containing compound used in the present invention is not particularly limited as long as 
the compound has the silyl ester group represented by formula (16), and either one silyl ester group or two or more silyl 
ester groups may be included in the backbone, at the terminal of the backbone, or in the side chain. When two or more 
silyl ester groups represented by the formula (16) are present in one compound, the silyl ester groups may be either of 
the same type or different from each other. The backbone of such silyl ester group-containing compound mainly com- 
prises Si-O bonds. The compound may include either one type or two or more types of the backbones. When the silyl 
ester group represented by formula (16) is present in the backbone, the Si of the silyl ester group constitutes Si of the 
backbone. 

[01 1 2] Exemplary silyl ester group-containing compounds include those represented by the following formulae: 
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[01 1 31 In the formulae, k represents the number of recurring silyl ester units. MaW ^ ra 
01 14 The silyl ester group-containing compounds as described above may be produced, for example, by dehydra- 
ion/condensatJon reaction between a polyhydrogen siloxane having Si-H group such as pdy(methylh*rogen , s iloxane 
and a carboxylic acid such as a straight chain saturated fatty acid such as formic acid I and stenc ac«J. an ""saturated 
fatty acid such as caproleic acid, an aromatic carboxylic acid such as benzoic acid, and an ahcydic acic I such as naph- 
thoic add; or such reaction between a copolymer of the polyhydrogen siloxane as described above 
the ca*oxylic acid as described above in the presence of a catalyst such as Pt. Ru or other Group VIM transits metal 

element in the form of a simple substance or a chloride thereof. „, „„ 

[01 1 51 When the one-part moisture curable composition of the present invention contains the silyl ester group-con- 
taining compound as described above, curing time of the resulting composition will be reduced w *°^ detra ^ h f '°"; 
the storage stability. To realize such benefits, the content of the silyl ester group-containing cornpounc I is P^erably in 
the range of 0.05 to 10 parts by weight, and more preferably. 0.1 to 8 parts by weight per 100 parts by weight of the 

mi C 1 ^Tteo^rt moisture curable composition of the present invention may optionally contain calcium carbonate. 
In particular, addition of a surface-treated calcium carbonate is beneficial for realizing good initial th.xotropy and storage 

[oil?' Exemplary such calcium carbonate products include conventional known surface-treated calcium carbonate 
such as calcium carbonate surface treated with a fatty acid, a resin acid, or an ester of fatty acd. Typical ^m car- 
bonate products surface treated with a fatty acid include Calf ine 200 (manufactured by Maruo Calcium KX) and White- 
in 305 (heavy calcium caibonate. manufactured by Shiraishi Calcium). A typical calcium carbonate products surface 
treated with an ester of fatty acid include Sealet 200 (manufactured Maruo Calcium). 

[01 18] Calcium carbonate is preferably used in an amount of 30 to 200 parts by weight, and more preferably, in an 
amount of 50 to 1 50 parts by weight per 1 00 parts by weight of isocyanate compound (A) in order to realize an adequate 
initial thixotropy and sufficient workability. Calcium carbonate in excess of 200 parts by weight is likely to invite exces- 
sive increase in viscosity to detract from workability. 

[01 1 91 The one-part moisture curable composition of the present invention may also contain an epoxy resin. The type 
of the epoxy resin contained is not particularly limited as long as the epoxy resin used is a polyepoxy compound con- 
taining two or more epoxy groups in one molecule. Exemplary such epoxy resins include glycidyl ether epoxy resins of 
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bisphenol A and derivatives thereof; glycidyl ether epoxy resins of glycerine; glycidyl ether epoxy resins of polyalkylene 
oxide; glycidyl ether epoxy resins of phenol novolac; glycidyl ester epoxy resins of dimeric acid and glycidyl ether eooxv 
resins of bisphenol F. 7 

[01 20] Among these, the preferred is glycidyl ester epoxy resin of bisphenol A. 

[01 21 ] Inclusion of the epoxy resin enables increase in the cure rate of the one-part moisture curable composition as 
well as improvement of the adhesion. 

[0122] In the present invention, properties inherent to the urethane cured products such as flexibility, high compres- 
sive strength, high tensile strength, and the like are retained even when an epoxy resin is included in the composition 
in an amount more than the isocyanate compound (A). The amount of the epoxy resin added may be determined pur- 
suantly as required by taking the curing rate of the resulting composition; hardness, compressive and tensile strength 
of the cured product; and the like into consideration. 

[01 23] In the present invention, polymers such as silicone polymers and modified silicone polymers may be used with 
the epoxy resin. 

[0124] In addition, the one-part moisture curable composition of the present invention may optionally include a filler 
is a plasticizer, a thixotropic agent, a pigment, a dye, an antiaging agent, an antioxidant, an antistat, an flame retardant a 
tackif ier, a dispersant. a solvent, and the like. 

[0125] The filler used may be an organic or inorganic filler of any configuration. Exemplary f fliers include fumed silica 
calcined silica, precipitated silica, pulverized silica, fused silica; diatomaceous earth; iron oxide, zinc oxide, titanium 
oxide, barium oxide, magnesium oxide; calcium carbonate, magnesium carbonate, zinc carbonate; talc clay, kaolin clay 
calcined clay; carbon black; any of the foregoings treated with a fatty acid, a resin acid, or an ester of fatty acid. 
[0126] Tne plasticizer used may be dioctyl phthalate (DOP), dibutyl phthalate (DBP); dioctyl adipate, isodecyl succi- 
nate; diethylene glycol dibenzoate, pentaerythritol ester; butyl oleate, methylacetyl ricinoleate; tricresyl phosphate, tri- 
octyl phosphate; adipic acid propylene glycol polyester, adipic acid butyleneglycolpolyester; and the like. 
[0127] The thixotropic agent used may be Aerosil (manufactured by Japan Aerosil K.K.), Disparon (manufactured by 
Kusumoto Kasei K.K.) or the like; and the antistatic agent may be quaternary ammonium salt, or a hydrophilic com- 
pound such as polyglycol, an ethylene oxide derivative, or the like. 

[0128] The pigment used may be either or both of inorganic and organic pigments. Exemplary pigments include inor- 
ganic pigments such as titanium oxide, zinc oxide, ultramarine, red oxide, lithopone. lead, cadmium, iron, cobalt, alumi- 
num, chloride, sulfate, and the like; and organic pigments such as azo pigments and copper phthalocyanine pigments. 

30 [0129] A typical antiaging agent which may be used is a hindered phenol compound. 

[0130] The antioxidant used may be butylhydroxytoluene (BHT), butylhydroxyanisole (BHA), or the like. 
[0131] The flame retardant used may be any of chloroalkylphosphates. dimethyl methylphosphonate. bromine and 
phosphor compounds, ammonium polyphosphate, neopentylbiromide-polyether, brominated polyether, and the like. 
[0132] The tackif ier used may be terpene resin, phenol resin, terpene-phenol resin, rosin resin, xylene resin or the 

35 like. 

[0133] The additive components as described above may be used in an appropriate combination. 
[0134] The method for producing the one-part moisture curable composition from the components as described 
above is not particularly limited. The composition, however, is preferably produced by thoroughly kneading and uni- 
formly dispersing the components as described above in a mixer or other agitating means under reduced pressure or 
40 in an inert atmosphere such as nitrogen. 

[0135] The resulting one-part moisture curable composition may be stored in a sealed container until its use where- 
upon the composition may be taken out of the sealed container for curing by the moisture in air at normal temperature. 
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EXAMPLES 

[0136] The present invention is further described by referring to the Examples which by no means limit the scope of 
the invention. 

< Synthesis of ketimine or aldimine) 
Synthesis Example 1 ; Synthesis of ketimine A 



55 



[0137] 100 g of m-xylylenediamine (MXDA, manufactured by Mitsubishi Gas Chemical Company. Inc.) as an amine 
and 216 g of methyl t-butyl ketone (MTBK) corresponding to 1.5 equivalents of the amine were added to a flask with 
200 g of toluene. The reaction was continued for 20 hours and the water generated was azeotropically removed to 
obtain ketimine A (a yellow transparent liquid; yield, 21 1 g; percent yield, 96%). 



15 



EP 0 985 693 A1 

Synthesis Example 2: Sy nthesis of ketimine B 

[01 38] The procedure of Synthesis Example 1 was repeated except that 100 g of a diamine having polyether skeleton 
as shown below (Jeffamine EDR148. manufactured by Sun Technochemical Inc.) as an amine and fOOg of methyl 
butyl ketone (MTBK) were used. After 20 hours, there was obtained ketimine B (a yellow transparent Hqu.d. yield. 202 
g; percent yield. 96%). 
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[0139] The procedure of Synthesis Example 1 was repeated except that 216 g * 

used as a ketone. After 20 hours, there was obtained ketimine C (a yellow transparent liquid; yield, 216 g. percent yield, 
98%). 

S ynthesis Example 4: Sy nthesis of ketimine D 

[01401 200 g of rglycidoxypropyltrimethoxysilane (A1 87, manufactured by Japan Uniker). 1 52 g of r aminopropyltri- 
methiysilani f (Al ml manufactured by Japan Uniker). and 200 g of methyl isopropyl ketone (MIPK) were placed hn a 
flask, and stirred at 1 10 °C for 4 hours. Excess methyl isopropyl ketone and methanol were removed to obtain ketimine 
D (a yellow transparent liquid; yield, 281 g; percent yield. 99%). 

Synthesis Example 5: Sy nthesis QJ ketimine E 

[0141 1 The procedure of Synthesis Example 4 was repeated except that methyl isopropyl ketone (MIPK) was replaced 
200 g of methyl t-butyl ketone (MTBK) to obtained ketimine E (a yellow transparent liquid; yield. 293 g; percent yield. 
99%). 

Synthesis Example 6: Sy nthesis of ketimine F 

[0142] The procedure of Synthesis Example 1 was repeated except that 100 g of a diamine having norbornane skel- 
eton as shown below (NBDA, manufactured by Mitsui Chemicals, Inc.) as an amine and 200 g of methyl isobutyl ketone 
(MIBK) as a ketone were used. After 20 hours, there was obtained ketimine F (a yellow transparent liquid; yield, 184 g, 
percent yield, 98%). 



50 




NBDA 



55 



Synthesis Example 7: S ynthesis of ketimine G 

[0143] The procedure of Synthesis Example 1 was repeated except that 100 g of the diamine having polyether skel- 
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eton as described above (Jeffamine EDR148. manufactured by Sun Technochemical Inc.) as an amine and 189 g of 
methyl isopropyi ketone (MIPK) as a ketone were used. After 20 hours, there was obtained ketimine G (a yellow trans- 
parent liquid; yield, 188 g; percent yield. 98%). 

Synthesis E xample 8: Synthesis of ketimine H 

[0144] The procedure of Synthesis Example 1 was repeated except that 100 g of a diamine having propylene glycol 
skeleton as shown below (Jeffamine D230. manufactured by Sun Technochemical Inc.) as an amine and 130 g of 
methyl isobutyl ketone (MIBK) as a ketone were used. After 20 hours, there was obtained ketimine H (a yellow trans- 
parent liquid; yield, 167 g; percent yield, 98%). 




Synthesis Example 9: Sy nthesis of aldimine A 

[0145] 1 00 g of the diamine having norbornane skeleton as described above (NBDA, manufactured by Mitsui Chem- 
icals. Inc.) and 200 g of toluene were mixed, and 140 g of isobutyl aldehyde was slowly added dropwise to this mixture. 
[0146] After completing the dropwise addition, the mixture was stirred at room temperature for 2 hours and refluxed 
at 140°Cfor5hours. 

[0147] After completion of the reaction, toluene and excess isobutyl aldehyde were removed at a reduced pressure 
to obtain the desired aldimine A (a colorless transparent liquid; yield, 165.4 g; percent yield, 98%). 

Synthesis Example 10: Synthesis of aldimine B 

[0148] 100 g of 1 ,3-bisaminomethyicyclohexane (1 ,3 BAC) and 200 g of toluene were mixed, and 130 g of isobutyl 
aldehyde was slowly added dropwise to this mixture. 

[0149] After completing the dropwise addition, the mixture was stirred at room temperature for 2 hours, and refluxed 
at 1 40°C for 5 hours. 

[0150] After completion of the reaction, toluene and excess isobutyl aldehyde were removed at a reduced pressure 
to obtain the desired aldimine B (a colorless transparent liquid; yield, 172.5 g; percent yield, 98%) 

Synthesis Example 1 1 : Synthesis of aldimine C 

[0151] 100 g of norbornane diamine (NBDA) and 200 g of toluene were mixed, and 150 g of pivalic aldehyde was 
slowly added dropwise to this mixture. 

[0152] After completing the dropwise addition, the mixture was stirred at room temperature for 2 hours and refluxed 
at 140°Cfor5hours. 

[0153] After completion of the reaction, toluene and excess isobutyl aldehyde were removed at a reduced pressure 
to obtain the desired aldimine C (a colorless transparent liquid; yield. 184.5 g; percent yield, 98%). 

Example 1 

[0154] Compositions produced by mixing the ketimine produced as described above and the isocyanate compound 
shown in Table 1 at the mixing ratio shown in Table 1 were evaluated for their curability (tack free time) and storage sta- 
bility (percentage of viscosity increase ) as described below. The results are shown in Table 1 . 

< Tack-free time > 

[01 55] The components (A) and (B) were mixed and kept under the conditions of 20°C and humidity of 55%. The time 
required for the mixture to become tack-free was measured by attaching a polyethylene film to the surface of the mix- 
ture. 



17 



EP 0 985 693 A1 



10 



< Viscosity increase > 

[0156] The components (A) and (B) were mixed in a sealed container and stored at 20*C for one day. and then at 
70"C for another one day. The viscosity value after the two day storage was divided by the vtscosrty value after the one 
day storage at 20°C. 

Comparative Example 1 

[01 57] Compositions were produced by mixing the isocyanate compound shown in Table 1 and the ketimine produced 
as described above at the mixing ratio shown in Table 1. The compositions were evaluated as in the case of Example 
1 . The results are shown in Table 1 . 
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*1) TMXDI (manufactured by Mitsui Sci-Tech) 
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*2) TMXDI-TMP adduct (Scisen 3160, manufactured by 
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Example 2 

35 [0158] Compositions were produced by mixing 

Und A or B^sdescribed above; epoxy resin (ELA 128. manufactured by Sumitomo Chem,cal Co ^^^^^ 
carbonate (Calf ine 200. manufactured by Maruo Calcium) at the mixing ratio shown ,n Table 2. The co ^ b n 0 ^ er 2 e 
evaluated for their tack-free time and viscosity increase as in the case of Example 1 . The results are shown ,n Table 2. 

40 Reference Example 2 

[01591 The procedure of Example 2 was repeated except that 5 parts by weight of the isocyanate compound was ^sub- 
stituted with the epoxy resin and no isocyanate compound was used. The compositions produced were evaluated for 
their tack-free time and viscosity increase as in the case of Example 1 The results are shown in Table 2. 
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Table 2 




(A) 



TMXDI (tetramethylxylenediisocyanate) 
TMXDI • TMP adduct 
(Scisen 3160) 
Epoxy resin 
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Table 2 (continued) 







Example 2 


Reference Example 

• 






2-1 


2-2 


2-3 




(B) 


Keton Amine 












Ketimine F (MIPK, NBDA) 


38 


38 




38 




Ketimine G (MIPK, Jeffamine EDR 148) 






40 




Calcium carbonate 


100 


100 


100 


100 




Tack-free time (hr) 


1.5 


1.2 


1.3 


1.8 




Viscosity increase (ratio) 


1.1 


1.1 


1.1 


1.1 



[0160] Amount of the compounds in the Table are represented in parts by weight. 



< Synthesis of isocyanate compound (urethane prepolymer) > 

(1) Synthesis of functional urethane polymer 

[01 61 ] Tetramethylxylene diisocyanate (TMXDI, manufactured by Mitsui Sci-Tech) and Afunctional polypropylene gly- 
col (PPG) (Exenol 3020, manufactured by Asahi Glass Co., Ltd., molecular weight, 3000) as a diol were mixed at a 
molar ratio of NCO/OH of 1 .8. and the reaction was allowed to take place in the presence of a tin catalyst at 80°C for 8 
hours with stirring to produce urethane prepolymer (1). The urethane prepolymer (1) had an initial viscosity as shown 
in Table 3. 

(2) Synthesis of trifunctional urethane prepolymer 

[0162] TMXDI as described above and trifunctional PPG (Exenol 5030, manufactured by Asahi Glass Co., Ltd., 
molecular weight, 5000) as a triol were mixed at a molar ratio of NCO/OH of 2.0, and the reaction was allowed to take 
place in the presence of a tin catalyst at 80°C for 8 hours with stirring to produce urethane prepolymer (2) The urethane 
prepolymer (2) had an initial viscosity as shown in Table 3. 

(3) Synthesis of TDi urethane prepolymer 

[0163] A 1 :1 (weight ratio) polyol mixture of a diol (Exenol 3020) and a triol (Exenol 5030) as described above was 
mixed with TDI (tolylene diisocyanate) at a molar ratio of NCO/OH of 2.0, and the reaction was allowed to take place in 
the presence of a tin catalyst at 80°C for 8 hours with stirring to produce urethane prepolymer (3). The urethane prepol- 
ymer (3) had an initial viscosity as shown in Table 3. 

(4) Synthesis of urethane prepolymer having BRA skeleton 

[0164] TMXDI as described above and a polyol having bisphenol A (BPA) skeleton (URIC AC-003, manufactured by 
Ito Seiyu) were mixed at a molar ratio of NCO/OH of 2.0, and the reaction was allowed to take place in the presence of 
a tin catalyst at 70°C for 15 hours to produce urethane prepolymer (4). 

(5) Synthesis of urethane prepolymer having PPG skeleton 

[01 65] The procedure of synthesizing urethane prepolymer (2) was repeated except that the reaction was allowed to 
take place at a reaction temperature of 70°C for a reaction period of 15 hours to thereby produce urethane prepolymer 



(6) Synthesis of urethane prepolymer having BPA skeleton 

[0166] The procedure of synthesizing urethane prepolymer (4) was repeated except that TMXDI was replaced with 
m-phenylene diisocyanate (MPheDI) to thereby produce urethane prepolymer (6). 
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10 



is 



(7) Synthesis of urethane prepolymer having PPG skeleton 

[01 67] The procedure ol synthesizing urethane prepolymer (5) was repeated except that TMXDI was replaced with 
m-Dhenvlene diisocyanate (MPheD I) to thereby produce urethane prepolymer (7). 

SSJl Sta coriositions were produced by mixing the urethane prepolymer (1) and/or (2) prepared as an .socy- 
anate compound; Sine or aktimine shown in Table 3; and calcium carbonate (the same as the one used jn Example 
Sat the rrtixing ratio shown in Table 3. The compositions were evaluated for their tack-free tome and vscosrty increase 
as in the case of Example 1 . The results are shown in Table 3. 

Cnmparativ n Example 3 

[01691 Resin compositions were produced by mixing the TDI urethane prepolymer (3) prepared as an iso^anate 
compound- and diocM phthalate (DOP) as a ptasticizer and calcium carbonate (the same as the one used m Example 
%7Z fixing raSo sl£wn in Taole 3. The compositions were evaluated for their tack-free time and vscosrty .ncrease 
as in the case of Example 1 . The results are shown in Table 3. 
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Table 3 



Example 3 



3-1 3-2 3-3 3-4 1 3-5 3-6 3-1 



Bifunctional urethane prepolymer (1) 

(PPG-TMXDI prepolymer) 

(Initial viscosity, 15.9 Pa-s) 



Tri functional urethane prepolymer (2) 
(PPG-TMXDI prepolymer) 

(Initial viscosity, 52.3 Pa-s) 



20 



80 100 100 100 100 100 



TDI urethane prepolymer 
(PPG'TDI prepolymer) 
(Initial viscosity, 138 Pa-s) 



Ketimine F (MIPK, NBDA) 

Ketimine H (MIBK, Jeffamine D230) 

Aldimine A (isobutyl aldehyde, NBDA) 

Aldiroine B (isobutyl aldehyde, 1,3-BAC) 

Aldimine C (pyvalic aldehyde, NBDA) 



6.5 6.8 



Calcium carbonate 



DOP 



Tack-free time (hr) 
Viscosity increase (ratio) 



9.2 



6.2 



5.8 



Comparative 
Sxample 3 



6.5 



100 100 100 100 100 100 50 



100 



3-2 



100 



50 



55 



[01701 Amount of the compounds in the Table are represented in parts by weight. 
0171 As shown in the Table, above, the isocyanate compound of the Example <" e ' h ^* ^ 
structure defined by the present invention has a low initial viscosity, and the desired modulus (.nrt.a viscosrty) .s reahzed 
without using any plasticizer. Accordingly, no plasticizer is particularly required for modulus adjustment. 
[0m] in contrast, the isocyanate compound of the Comparative Example (TDI urethane Pre^lymer) ouls.de *e 
scope of the present invention cures without using any ketimine. The composition, however, exhib.ts h.gh initial viscos- 
ity, and a plasticizer is required for modulus adjustment. 
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[0173] In addition, foaming by carbon dioxide was observed in the curing of Comparative Example 3, while no such 
foaming was observed in Example 3. 

Example 4 

[0174] In the Example of Example 2 employing ketimine F, TMXDI used as an isocyanate compound was replaced 
with the urethane prepolymer shown in Table 4, and the components were used in the amount shown in Table 4. The 
resulting resin compositions were evaluated for their viscosity increase and tack-free time as in the case of Example 1 . 
The compositions were also evaluated for the elongation of the cured products and adhesion to slate plate (shear 
strength and mode of breakage) as described below. The results are shown in Table 3. 

Comparati ve Example 4 

[01 75] The procedure of Example 4- 1 was repeated by replacing the isocyanate compound with the urethane prepol- 
ymer (6) prepared as described above (Comparative Example 4-1 ), and by replacing the isocyanate compound with the 
urethane prepolymer (7) prepared as described above and without adding any ketimine (Comparative Example 4-2). 
The compositions were evaluated as in the case of Example 4. The results are shown in Table 4. 

Referential Example 

[01 76] The epoxy resin composition of Referential Example shown in Table 2 was evaluated as in the case of Example 
4. The results are shown in Table 4. 

< Elongation of the sheet) 

[01 77] The resin compositions were allowed to cure at 20°C and at a RH of 55% for 1 0 days, and a dumbbell-shaped 
No. 2 test specimen defined in J IS K6251 was stamped from the cured sheet. The test specimen was stretched at a 
tensile speed of 200 mm/min to measure the elongation at break. 

(Shear strength) 

[01 78] The adhesive was sandwiched at 50 mg/cm 2 between two slate plates, and allowed to cure at 20 °C and at a 
RH of 55% for 10 days. The cured adhesives were evaluated for their strength at breakage in shear test at an acceler- 
ation rate of 3 MPa/min. 

(Mode of breakage) 

[0179] The case in the shear test where the slate plate underwent breakage is indicated as "adherend failure" and 
the case where the slate plate was peeled at the interface between the slate plate and the adhesive is indicated as 
"interfacial peeling". 
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Table 4 



4-1 



Example 4 



4-2 



Comparative Example 4 



Referential 
Example 



4-3 



4-1 



4-2 



(A) Isocia- 
nate com- 

rvujnd 

Urethane pre- 
polymer (4) j 
/RPA.TMxnn I 

[DPM* 1 IVI.AL/ 1/ 1 

Urethane pre- 
poiymer yoj i 
(PPG-TMXDI) 


100 


50 I 


30 








Urethane pre- ! 
polymer (6) 
(BPA-MPhDI) 

Urethane pre- 
polymer (7) 
(PPQ-MPhDI) 


■ j 






100 


100 




Epoxy resin 




50 


70 






100 


(d) rveumine r ! 




~ 31 


30 


23 




38 


Calcium car- 
bonate 


f 100 


100 


100 


100 


Too 


100 


1 Tack-free time 

Viscosity 
increase 
(ratio) 

Sheet elonga- 
tion (%) 


1.2 
115 


1.3 
50 


To 
1.2 

20 


To 

Gelation 
90 


1.2 
600 


iTo 

1.1 
5 


1 Adhesion to 
slate plate 








1 




1 3 


1 Shear srength 
(Mpa) 

Mode of 
breakage 


1 3 

adherend fail- 
ure 


1 3 

j adherend fail- 
ure 


1 3 

{ adherend fail- 
ure 


1 3 

adherend fail- 
ure 


1 

interfacial 
peeling 


adherend fail- 
ure 



[01801 Amount of the (impounds in the Table are represented in parts by weight. 

0181 As demonstrated above, the resin composition (Example 4-1) containing the .socyanate compound having the 
Structure defined by the present invention (urethane prepolymer having bisphenol A skeleton) exh.brts good etangaton 
after curing as well as excellent adhesion to mortar (slate plate) and the like. This res.n completion has a flex.b,lrty 
mlrkSly superior to the epoxy resin composition (Reference Example), and the good flexibility of th.s resm composition 
was maintained in the resin composition having epoxy resin added thereto (Example 4-2)^ 

[0182] in contrast, in the case of the compositions containing the isocyanate compound (urethane Polymer) out- 
side the scope of the present invention, the composition suffered from insufficient storage stability even if when the ure- 
thane prepolymer had bisphenol A structure (Comparative Example 4-1) and the composition suffered from mfenor 
adhesion to mortar and the like even when the prepolymer had PPG skeleton (Comparative Example 4-2). 
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INDUSTRIAL APPLICABILITY OF THE INVENTION 



[0183] As demonstrated above, the one-part moisture curable composition according to the present invention has an 
excellent storage stability and a high curing rate once taken out of the container, and use of such composition enables 
production of a cured product of high flexibility even without using any plasticizer. 

[0184] The one-part moisture curable composition of the present invention is useful as an adhesive or a sealant of 
concrete, wood, metal and the like. 

Claims 

1 . A one-part moisture curable composition comprising: 

(A) an isocyanate compound having a structure wherein all of the isocyanate (NCO) groups in the molecule 
have secondary or tertiary carbon bonded thereto, and 

(B) a ketimine having ketimine (C=N) bond derived from a ketone or an aldehyde and an amine having a struc- 
ture wherein a-position of at least one of the carbon or the nitrogen of the ketimine bond has a branched car- 
bon atom or a ring member carbon atom bonded thereto. 

2. A one-part moisture curable composition wherein said isocyanate compound (A) is represented by formula (1): 



wherein R c and R a are independently an organic group which may optionally contain O, S, or N; R b is hydrogen 
atom or said organic group; and p is an integer of at least 1. 

3. A one-part moisture curable composition according to claim 1 or 2 wherein said isocyanate compound (A) is a 
polyisocyanate having two or more said isocyanate groups in the molecule. 

4. A one-part moisture curable composition according to claim 3 wherein said isocyanate compound (A) is a urethane 
prepolymer derived from said polyisocyanate and a polyol. 

5. A one-part moisture curable composition according to claim 4 wherein said urethane prepolymer is an adduct of 
said polyisocyanate and trimethylol propane. 

6. A one-part moisture curable composition according to claim 4 wherein said urethane prepolymer is a urethane pre- 
polymer derived from said polyisocyanate and polypropylene glycol. 

7. A one-part moisture curable composition according to claim 4 wherein said urethane prepolymer is a urethane pre- 
polymer derived from said polyisocyanate and a polyol having a bisphenol skeleton. 

8. A one-part moisture curable composition according to claims 1 to 7 wherein, in said ketimine (B), said branched 
carbon atom or said ring member carbon atom is bonded to the ketimine carbon. 

9. A one-part moisture curable composition according to claim 8 wherein said ketimine (B) is the one produced from 
a ketone or an aldimine represented by formula (2): 



R* 




P 



(1) 
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wherein 

R 1 is a ^.5 alky! group; 

R 2 is methyl group or ethyl group; 

R 3 is hydrogen atom, methyl group, or ethyl group; and 

R 4 is hydrogen atom or methyl group. 

0. A one-part moisture curable composition according to claim 8 or 9 wherein methylene group is bonded to the 
ketimine nitrogen. 

1 . A one-part moisture curable composition according to any one of claims 8 to 10 wherein said ketimine (B) has two 
or more ketimine bonds in one molecule. 

2. A one-part moisture curable composition according to any one of claims 1 to 7 wherein said ketimine (B) is a sili- 
con-containing ketimine or a polycondensate thereof, containing an amine component derived from an aminoalkox- 
ysilane represented by formula (4) : 

H 2 N— R'-SUR 6 )^ < 4 > 

* 

r 

(wherein R 6 is a C 1 _ 6 alkyl group, a C^e alkoxy group, or a monovalent siloxane derivative; R 7 is a divalent hydro- 
carbon group which may optionally contain nitrogen; R 8 is an alkoxy group; and m is 1 , 2 or 3.). 

13. A one-part moisture curable composition according to claim 12 wherein said ketimine (B) further contains a group 
derived from an epoxy group-containing alkoxysilane; and has epoxy group and an alkoxysilyl group in one mole- 
cule. 

14. A one-part moisture curable composition according to any one of claims 1 to 13 further containing an epoxy resin. 
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